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Improved Needle 



The present invention rdates to an improved medle design for use with injection 
devices such as hypodennic needles. 

5 

Hypodennic needles are constructed so that they comprise a hollow tiibe with an 
orifice at a sharpened end which penetrates the skin of the person being injected, 
normally the sharpened end of the needle is at an angie to the axis of the tube. In use 
the end of the needle penetrates the skin with the sharpened end c-utting through the 
10 skin and subcutaneous lay«^. The size of the needle used depends on the 
characteristics of the fluid to be iiyected, wth the larger diameter needles being used 
for larger volumes, higher viscosities, higher particulate size and concentration, and 
for fluids requiring either high flow rate or low shear or low pressure drop. 

15 When using a hollow needle cannula for the conveyance of fluid particularly througli 
the skin of a patient, a number of dgnificant fiictors must be considered in the design 
of such cannula. For instance, the needle cannula should be sufficiently ri^d and stiff 
so that It can efFecdvely penetrate the skin of the patient without breaking or bending 
to such a degree so as to occlude the fluid path. In this regard, such needle cannuiae 

20 are primarily made of metal so as to impart these desired stiffness characteristics. In 
addition to sur&ce lubricity of tiie needle and the sharpness of the point the outside 
diameter of the needle and its wall tMckness i^ay a fector in the penetration of die skin 
and the dtscomfituFe attendant with such p^ietration. It has been suggested that 
reduction in the outside cfiameter and the wall thidcness of the needle will provide 

25 greater ease in penetration of the skin of the patient and less pain. However, there is 
usually a tradeoff in merely reducing the outside diameter of the needle in order to 
achieve this desired ease of penetration. This tradeofl^ generally involves a narrowing 
or constriction of the inside diameter of the needle along with the reduction of the 
outside diameter of the needle. As a result, the flow edacity through the needle is 

30 impaired, especially if large flow rates or quantities of fluid are to be conveyed 
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through the needle. FurthennoFe, incxea^g the inside diameter by merdy reducing 
the wall thickness of the needle will conq>roniise the stifihess characteriBtics of the 
needle so that there will be a greato" tendency to bend or break during its use. 

5 These problems are exacerbated in hypodermic needles when unusually high \ascosity 
or suspensions with high particulate levds or large particle sizes are used, or when 
vmusually large volumes aie used. Typical problems if the bore is too small include 
very slow iiyection, needle blockage and difficulty in appl3nng sufficient pressure to 
the syringe plunger for delivexy of fluid in an acceptable time. 

10 

A further problem arises with pain and trauma to the body tissues at the fluid injection 
site, due to distension caused by the bolus of larg^ volumes of injected fluid. 

One solution to the fluid flow problems is to use a larger bore needle^ but when larger 
15 bores are used to overcome the restricdons other problems arise due to pain and 
trauma of the tissue caused by the needle blade. Also, the larger needles are prone to 
fonning a k>ng cjdindrical tissue core inside the bore of the needle during the needle 
^itry into the body tissue. Such tissue cores are left at the injection site where they 
can necrotfse and cause post injeclion pain for some days. Other needle types are 
20 known which have an atraumatic tip to reduce tissue cutting and coring but these 
require an additional sharp cutting scalpel or hollow introducer to aclueve entry 
through the skin. 

Needles have been disclosed for reducing these problems in which the needles have a 
25 dispensing orifice at one end and a first portion distal fix)m the dispensing orifice and a 
second portion proximal the dispensing orifice with the outside diameter of the second 
portion being smaller than the outside diameter of the first portion. US Patents 
4335718, 4781691, 5792099 and 5951528 disclose such needles. In all th^e needles 
the dispensing orifice is at the sharpened end of the needle. 
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Anotha- type of needle has nndtiple small Imles along the axis of a 27-29 gauge needle 
for saline based therapies. This needle would not be suitable for the more viscous and 
particulate fluids mentioned above. 



We have now devised an improved needle structure whh reduces the above probl 



lesais. 



According to the invention there is provided a needle for use in an injector comprising 
(i) a tip, (ii) an elongate section adjacent the tip and (iii) a barrel section, there being 
an inn» bore comprising a fiuidic pathway, which hmer bore is withm the barrel and 
1 0 optionaDy extends down the elongate section and to the tip, there b«ng one or more 
apertures fiuidically connecting the said inner bora to the outside of live needle 

The needle can be used with injection devices such as a hypodennic syringe and other 
injectors such as those described m patent applicaiions PCT/GB99/02680 and 
15 PCT/GBOO/03061. in the case of hypodermic injectors the fluid container is the barrel 
of the syringe and the fluid is injected by depressmg a plunger as in conventional 
hypodennic syringes. 

The tip, which is the first part to contact tiie skin wbm the needle is insert^ into the 
20 skin can be a cutth% blade, pointed or bhint. The tip is preferably designed for easy 
penetration of skin and/or tissue with miiumum pain, damage or trauma. 



@06 



Preferably the needle tip has an outside diameter of 0.2 to 1.5 mm. and the total 
needle length is 2 to 200inm. The needle tip diameter is preferably 1% to 100% of 
barrel diameter or the ratio of the tip diameto- to the barrel diameter is between 1:1 
and 1:10. 

Preferably the ratio of the fluidic capacity of the barrd to the tube equivaloit of the tip 
isbetween 1:1 to 1000:1. 



30 



16/04/2002 10:31 FAX 01959577185 @07 



As filtfd 



• 4 - 

Preferably the and or the rest of the needle are designed to minimise the fiiction 
and/or the force required and/or the of faisertton into and or withdrawal from skin 
and tissue. 




5 In one enibodiinent the tip is preferably angjed to enable tiny cut to be made with a 
significant part of extension of the hole formed by needle bdng by stretch (more than 
30%, 5(P/o, 80%, 90%, 100%, 200% of the raoomum aperture formed in skin in use is 
by reversible stretch, and less than 70%, 50%, 20%, 10% is by cutting). The tip can be 
hollow or solid, and can have a wall thickness greater than the barrel and/or elongate 
10 section. 

In one enibodiment the tip and/or other sections have one or more concave areas in 
betwera Ugher ridges, splines or rails running at least partly in parallel with the needle 
axis to minimise the sur&ce contact area and/or pressure and/or penetration resistance 
15 and/or friction between needle and tissue. At least some of the ridges, s^es or rails 
are preferably smooth, non cutting and generally prepared and radiused to promote 
low friction Riding through skin and tissue. 

Preferably at least part of the dot^ate section has a gradient where the effective outer 
20 dimenaon increases gradually and/or in one or more steps from the tip until it joins the 
barrel section. The overall angle of step and the angle and/or radius of the leading and 
traifing edges of step is preferably chosen to ease entry with nunimum force and/or 
pain/trauma of the ^n/tissue being penetrated. 

25 In a round needle if a tube is taken and then some of the external material ground 
away to make a slot/groove - the outside dimension which displaces the skin/tissue is 
reduced and this is what is meant by "effective outside dimension'*, as distinct from the 
perimeter which could include the outer circumference and the adjoining inner 
circumference of the bore. The "effective outside dimension" covers both the outside 
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diameter and/or the outer drcuiudfer^sce e.g. which can be measured with a piece of 
string. 

If the elongate section has an inner fluid carrying bore connecting fluidically to an 
5 aperture at tip, the outside shape can be of o, c, u, shape etc. 

All Of part of the barrel section can be inside the connection to the fluid container and 
made such that the majority of the greater than average bore of the needle does not 
penetrate the ^cin, but conducts the fluid to the pcMnt where the bore does penetrate 
10 the skin. 

The dongate secdon can be may be hollow or solid and can have a wall tluckness 
greater or smaller than the barrel. 

15 The elongate section adjacent to the tip maint^ns or increases the size of a path in 
tissue fi>rmed initially by the tip» which can. ease and direct the flow of fluid at least 
pardy along or around the outside of the needle. Preferably the shape of the section is 
designed to reduce the factional force of sliduig against the adjacent tissue and is 
preferably is designed to reduce die fluidic friction of the flow going past the section 

20 in use. 

When fluid pressure is applied, the elongate section forms all or part of a channel 
which nucleates or eases and directs the passage of at least part of the fluid flow with 
a smaller pressure drop tiian if the fluid were constrained inside the bore of the tube in 
25 that same location. 

The barrel section prefi^rably has a larger effective dimension than the elongate 
section, and in use, is connected directiy or indirectiy to a fluid holding and/or 
dispensing section, for example a syringe. In use the fluid passes from a fluid holding 
30 and or dispensix^ section to the barrel section and the barrel forms all of or part of the 
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fhiidic coimection between both one or more apertures and the liquid holding and or 
cUspensing section. 




The outer shape of the barrel preferably is designed to seal eSectively to the skio 
5 and/or tissue when inserted therdui and may be smooth and substantially round in 
cross-section to enable such easy sealing. 



The barrel may join to and extend inside a luer lock or fluid holding part sach as a 
syringe, and the part which e>:tends inside raay have an eflfective bore greater than the 
10 bore which ent^ the skin/tissue. The part of the barrel which remains outside the skin 
in use would normally have a fiiUy enclosed bore. 

Preferably the barrel has an outside diameter of 0.2 to 2.Qmni. and the bore and/or 
outside diameter of the baird and elongate section and /or tip varies e.g. the bore 
15 and/or outside diameter changes at the connection between the barrel and the fluid 
hol<Ung ordispen^gpartw 

The apertures provide a fluidic pathway so diat fluid moves from the inner bore to the 
outside of the needle when a pressure differential occurs. Such apeTture(5) may be in 
20 one or more locations including the tip, the eloxi^te section, the barrdl, or at the 
junction of two sections. 

The one or more apertures preferably extend in length more than 5 diameters of the 
adjacent tube and/or have an aspect ratio of more than 5:1 length to depth. 

25 

Preferably the included angle is less than 12° and the aperture(s) are positioned and 
angled to induce fluid to flow along and adjacent to the elongate section and are 
positioned and angled and radiused to reduce p^n and catching, cutting or coring of 
skin or tissue in use. 

30 
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Pre&iably at least part of at least one aperture is away from the tip and/or on a s«:tion 
of larger out^ dimension than the t^, 

Preferably the ovCTaH dimension of the aperture is larger than the tip outer dimension 
by a factor of 10%, 100%, 500%, or 1000%. 

The one or more aperture(5) can be wholly or partly on the barrel which is larger than 
the elon^te section. 

The one or more aperture(s) can be longitudinal or radial, round or elongate or a slot 
or a groove, and can penetrate through one wall or throu^ both walls of the tube. 
When the needle is to be used for particulate fluids, in order to prevent blockage of 
needle^ the part of the barrel where the fluid fiorst meets the constriction at the opening 
of the barrel wiO preferably have an aperture of smaller inner dunension than the bore 
of the barrel and be of inverted funnel shape wherdjy in use the first bore encountered 
by the fluid is smalbr than the bore of the barrel. 

Preferably at least one aperture is spaced apart from the tip and is located substantially 
where the there is a step change in the outside diameter e.g. it is located on the 
gradient v/h&re the elongate section joins the barrel it is located on the elongate 
section and optionally can or cannot not acQoin the tip 

Preferably the aperture is greater than 1-1 0mm long 

In use, as the end of the needle penetrates the skin and tissue, the skin fonns a 
temporary substantially fluid tight seal over the aperture so the fluid passing down the 
barrel is constrained to pass down the barrel Under pressure from the injector the 
fluid then forms a bolus around the aperture and enters the tissue as in conventional 
needles. In practice this means that part of the fluidic conduit is defined by the tissue 
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itsdf SO that the effective bore of the conduit is wid^/iaiger than the bore entering 
throuj^ the skin. 

The aperture may be any shape and is prefeably in the form of a groove or slot in the 
5 needle and pieferably encompasses up to 1 to &0% of the circuraference of the bore of 
the conduit e g. up to 10%, 30%, 50%, 70%. In use, as the upper layer of skin is 
strong and elastic and seals tightly to the smooth upper barrel, the aperture is designed 
to be below the skin surfece Etnd the skin forms a seal over the groove, or slot and the 
groove or slot forms an opening beneath the skin which minimises leakage of fluid 
1 0 being injected during injection and on withdrawal of needle. 



The aperture may be parallel or perpendicular or angled to the axis of the needle. 

Preferably the aspect ratio of the outer tube diameter to slot lengtii is greater than or 
15 in range 1: 2 to 1 :50 e.g. 1 to 2; 1 to 4; I to 10; 1 to 20 or 1 to 50. 

Preferably the ratio of slot length to elongate section length is greater than or in range 
l:1.5tol:10e.g. 1 to 2; 1 to 3; 1 to4orl to 10 or 1:20. 

20 In another raibodiment of the invention the aperture is deformeri>Ie i.e. under (H^essure 
from within the bore the aperture opens up so that it gets wider in use. 

The end of the aperture nearest the tip can be closed or it can be open, in the latter 
cas^ when the aperture is a groove or slot the groove or slot can go to the tip of the 
25 needle or it can be distant from the tip of the needle. 

A con^jletely or partly solid needle can be used in which a groove is formed in the side 
of the solid part of the needle, down which groove the fluid to be injected can flow. In 
tfus embodiment the groove can terminate a distance from the tip end of the needle 
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which penetrates Hie skin so that the tip of the needle can form a skin penetration 
section or the groove can reach to the end of the needle. 

Alternatively the needle can con^yrise a hoUow needle with part of the needle axially 
5 removed e.g. by cutting or grinding. 

The groove can be formed in a solid or holkiw needle by forming or deforming the 
tube e g, into a "u'', "c", *V', V or "x" shape or by grinding away a section of the 
needle. 

10 

In use the t^ enters the skin first and the dongate section penetrates the skin and 
displaces tissue along its length and forms a guide path for the tip. The tip enters the 
tissue and the fluid is injected and enters the tissue along the length of die ap^^e. 

IS The diongate section in use, can be hollow or solid, and &ciHtates and guides 
nucleation of fluidic path at least partially in a forward direction towards the tip which 
is followed and then expanded when the fluid is appli«l from the aperture under 
pressure. The cross sectional outer shape of the elongate section is designed to 
minimise trauma and can also &cilitate the fluid pathway. It can have 0, 1, 2, 3 or 4 

20 axes of symmetiy to form corresponding diq)Iacement of tissue along its length e.g. 
the cross section can be an ellipse, rectangle, star, diamond etc. The elongate section 
can be straight or tapered, can be longer than 2-3 mm, preferably 2-20mni, can be a 
single piece or 2 pieces joined, can be swaged or drawn , can be solid or hollow. 

25 The needle structure of the present invention can be used with a balloon catheter 
which comprises a deformable or elastic sheath which has an aperture or apertures in 
it and wMch fits around or encases the needle. The balloon catheter can be used with a 
hollow needle so that the ^erture or apertures connect with the conduit or it can be 
used with a hollow grooved needle so that the aperture or apertures connect with the 

30 grooved path. 
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It is a feature of the invention that it enables a needle to be used with a shorter 
confined bore, i.e. the part of the needle which is in the fonn of a complete tube is 
shorter. It also allows use of a larger bore for a proportionally greater part of the 
5 needles entire length. As much of the pressure drop is the fiiction of the fluid in the 
confined bore of the needle, the shorter the confined bore and the greater the 
proportional length of the larger bore, the less pressure drop, so faster injections and 
less pressure required. For drugs containing particulates, the needle is also likely to 
block, so a shorter bore means less pressure drop and less risk of blockage. Once the 

10 needle of the invention is through the skin surface, there is a liquid-ti^t seal where the 
needle is in the tight upper layers of the skin. Because the tissue below the sldn airfece 
is much more pliable and it easily deforms under even small fluid pressure, if at least 
part the neecUe bdow skin is only a "partial bore" e.g. semi-bore or other partial 
smaller shapes, then h is much eawer &r the fluid to get along the track defined by the 

15 needle, and the fluid contacts more strata/channels/fissures in the tissue so it is easier 
for the fluid to disperse into the greater nunaber/area of strata. 

Because the fluid is spread over more tissue strata/area, it is likely there is less locrf 
stretch hence less pain/trauma even for the fast^ injection rates which the new needle 
20 creates and, because there is eaaer dispersion of fluid and lower back-pressure of fluid 
in the tissue, there is less chance of blistering and/or back-leakage of fluid out of the 
hole in the skin 

Over^ the needle design of the present invention enables "smalls" needles to achieve 
25 the same fluidtc carrying capacity as larger conventional needles at lower pressure and 
with less pain/trauma/Ieaka^ than a conventional hypodermic or autoinjector. 

The smaller needle can be a shorter needle and/or have a smaller cross-section or can 
be a needle tapering along its lengtii either graduaUy, or in ''steps" of smaller diameter. 
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For many uses the needle has a length of 2 to 200nim. 

In use there is preferably a minimum of cutting and <&splacement by the needle itself in 
5 relation to the Quidic capacity and th^e is a zninlmiim total dimension (length and or 
area) of sharp cutting edges and/or points, and minimum level of sharpness in relation 
to the size and fiuidic capaaty 

In use the small hole formed in skin and tissue by the tip is smoothly extended along 
10 the tip and elongate section with minimum of sharp edges or shaq> changes in 
direction to catch or snag tissue 

The needle can comprise at least one separate ccnnpon^ made of one or more 
<fifierent materials and which the separate parts are joined togeth^ 



The needle can be made by process steps comprising Iformmg a step in the diameter of 
a needle tube, closing the tip of needle^ forming a piimary angle onto tip, processing 
by mechanical or chemical means to increase the radii of the edges of the tip and 
aperture, forming stq> to make final tip dimensionB. Preferably the process includes 
20 the steps of providing surface texture to reduce ftiction and/or retain lubricant at 
sur&ce and includes increasing the edge radii of the tip. 

The needle can be used with any injection device such as a syringe, pen, autoinjector, 
syringe driver^ tissue/fluid extraction device and the length of tlie needle is chosen for 
25 the application of the needle. EscampJes of use are to add or remove substance 
including intradermal, sub-cutaneous, intra-muscular, intra-venous, into bone, into 
joint, into eye, into any organ, and for keyhole surgery. The needle can also be used 
to add or renfK>ve substance for medicinal or cfiagnostic or other purposes for human 
or animal or other applications 



15 
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When used with an autoinjector^ there is preferably a gtude which fits to the 
autoinjector and which fits round the needle and which directly or indirectly helps the 
needle run straight along its axis with mininmm wobble by restricting the axial or 
lateral movement of needle and/or liquid holding elements attached to needle. The 
5 guide can optionally fit around the needle directly, or it can also guide the needle 
indirectly by guiding the item to which the needle is ftffid, e.g. the drug holding 
syringe or cartridge. This enables easier needle entry and reduces the pain, trauma and 
bleeding, which is often problem with autoinjectors especially with large needles. 
Preferably the guide restricts needle transaxial or lateral movement in use to below 1- 
10 10° e.g. 0.01-1"* and )-3nim e.g. 0.1-lmm, The guide is preferably of low friction 
material and may be a simple hollow cylinder or have one or more qpnmg elements to 
maintain dose sliding tolerance while allowing for vwiations in manufkctured size with 
minimum frictions. The giude has minimum contact with moving needle-holding 
elemmt to reduce friction 



The needle of the present invention enables a lower pressure/time profile compared to 
standard hypodOTnic needles and enables higher ^scosity, higher volume, greater level 
and/or size of particulates. 

20 The needle of the invention can provide easy entry into skin and or tissue with low 
entry force, low trauma and low leakage le. it can combine minunal cut/tear with 
gentfe stretch to increase path in skin/tissue). It has high fliddic capacity (i.e. can carry 
hi^ visoosity/volume/particulates/flow rate; the key determinant is diameter and 
length of bore, as the pressure drop is proportional length/Cdiameter'), where d is the 

25 diameter of the bore, slot itself has litde eflfect on pressure drop unless it is extremely 
narrow; however, a small slot is much more likely to be blocked by particulates). The 
needle also is easy to manufacture at low cost. 

The needle including one or more of hub, barrel, elongate, tip and point may comprise 
30 one ot more components joined, and may be made from one or more materials. 

The invention is illostrated in the accompanymg drawings in which > 
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Fig. 1 shows an embodiment of the inv<^tion 
Figs. 2, 3» 4» 5 and 6 show difierezit embodim^its of the invendon 
Fig. 7 shows cross sectional proffles of grooves which can be used with the needle of 
fig. 2 

Fig. 8 shows an embodiment of the invention using a stuped needle 
Figs. 9 show other embodiments and 

Fig. 1 0 shows a needle with the gradient away from the heel of the ap^ure and 
Fig. 1 1 shows an end view of a needle guide. 



10 Referring to fig. 1 a needle has a tip (7), a hub (1) connected to a iluid reservoir and 
dispenser such £is a hypodermic syringe^ barrel section (6) connected to the hub and 
syringe and an elongate section (2) which has an inner Sore (3) which is a conduit and 
which has an outer surface (4). Tla&r& is an ap^ture (S) which connects outer surface 
(4) to the inner bore (3). 

15 

In use the needle penetrates the skin (8) which seals the aperture as it passes through 
it. When die needle has penetrated into the tissue (9) the fluid is injected down inner 
bore (3) and is injected into tissue (9) through aperture (5) where it forms bolus ( 1 0). 
As can be seen the size of the bolus is much larger than which would be formed by a 
2 0 conventional needle of the same diameter. 



Referring to fig. 2 this shows a barrel (6) with a bore which enters the skin and an 
elongate part (12) which is solid along its length and which has a groove (13) formed 
in it so that the cross section view of the needle is shown in fig, 2a. In use the needle 
25 penetrates the skin and tissue so the barrel end/aperture and groove are below the 
surface and the fluid is then injected down the groove (13) into the tissue. 



Fig. 7 shows various shapes of grooves 
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30 



RefeiTing to figs. 3a and 3b. these show a plan view and side view of an embodiment 
in which a needle (16), which can be made of metal or a suitable plastics material, has 
a slot (17) formed in it. (the slot <17) may extend fiirther than shown). The needle has 
a tip (1 8) which can be metal or made of a suitable plastics material and can be blunt 
or sharp. In use the needle tip (18) penetrates the skin as described above and liquid to 
be injected passes under pressure down needle ( 16) and out through slot (17). The slot 
(17) can be made deformable so that it escpands under pressure. 

Referring to figs. 4a and 4b these show a plan view and a side view of a fUrther 
embodiment of the invention and in which there is a long slot or opemng (20) in 
needle (23). The needle can be mounted through mounting (22) into a luer or other 
connector or can be pennanently attached to a syringe. 

Referring to figs. 5a and Sb these Uh^trate the use of a balloon catheter which 
comprises a deformable or elastic sheath which has an aperture (27) in it which sheath 
fits around or encases the needle (25) there is a solid or hollow elongate section (28) 
at its tip. In use the tip and all or part of the elongate section enters the skm and tissue 
and fedUtates and guides a path for the needle encased by the balloon catheter to 
foBow. The embodiment of fig. Sa can also have an even larger bore in the hub. 

Referring to fig. 6 there is an off centre solid needle (30) mounted in a needle 
mounting (31) into a luer or other connector or it can be pennanendy attached to a 
syrii^e. There is a fluid opening (32) which connects to syringe. In use the needle (30) 
penetrates the skin and tissue and forms a path through the tissue, when fluid is 
suppUed under pressure to opening (32X vvMch is comxected to the fluid chamber of a 
syringe, the path formed by needle (30) feciBtates and guides nucleation of fluidic path 
which is foUowed and then expanded by the fluid. 

Refemng to fig. 8a the syrmge body is shown at (33) and the skin is (34). The banel 
section has first latge bore section (35) and. optionally it can have several reducing 
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sections or a long tap^ and a second smaller bore section (36). The apmure is fanned 
by cutting away portion (37) of section (36) on or adjacent to the t^er or step (40). 
There is a hollow or solid penetration end (38). In use the end (38) penetrates the skin 
(34) until the aperture (37) is bdow the sur&ce and the fluid is then injected and the 
fluid forms the dongated bohis shown at (39). 



Referring to fig 8b, this shows a single step or taper from a large bore barrel to the 
elongate section 

10 Referring to fig 8c, this shows another embodiment in which at least one aperture is 
positioned entirely on the elongate section 

Referring to figure 9a tJiere is a syringe (40) connected to barrel section (44), elongate 
section (41) and tip (43). There is a portion of the elongate section (42) cut away to 
15 fi>nn a slot shaped aperture so the elongate section is tapered. There is a bore down 
the inside of the barrd section and elongate section which connects the syringe to the 
aperture (42). 

Fig. 9b shows a side view and a top view of the needle where the elongate section is a 
20 long tapia- which tapera to below 50% of the barrel and/or elongate outer dimension 
and the needle t^er continues into the tip and end point. 

Referring to fig. 9c this embodimOTt shows a concave curvature section (51) on the 
face of tip and/or on oAcr parts of needle and/or ridges, rails or splines the d^th of 
25 concave is 1-80% of adjacent needle outer diameter; there are rails (52) to the bevel 
point Figs. 9d and 9e show two bevel points and four bevel points respectively when 
>dewed from the tip with concave sections (5 1 ). 

In use tiie needle penetrates the skin to location (41) and the syringe operated to inject 
30 fluid. As in the other embodiments the skin seals the aperture as it passes through it. 
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When the needle has penetrated into the tissue the fluid is injected down inner bore 
and is injected into tissue through aperture (42). 




Referring to fig. 10 this shows a needle in which at least part of the gradient (S3) is 
5 positioned away from the heel of the aperture at the syringe eiHl of the aperture, i.e. 
opposite end of aperture from the tip. 



Referring to fig. 1 1 there is an outer guide (60) of the autoinjector , the moving drug 
holding section (62) and needle (61). The needle guides comprise sprung sections (63) 
lO which hold the needle in position and minimise wobble and lateral movement of the 
needle in use. 

The use of a needle of the invention is descrUjed in the example. 
15 Example 

A needle as shown in fig. 8b of the accompanying drawings with tip and elongate 
section 26 gauge and barrel of 21 gauge of was made and its performance compared 
with control needles comprising standard Beckton IHcIdnson Microlance (Registered 
20 Trade Mark) needles of 21 gauge and 26. The tests consisted of 1) applying fluids of 
different viscosities through the needles from a 2ml standard glass syringe usins 
constant fbrce/weight of 1kg appHed to die syringe plunger. 2) Needle penetration- 
force tests through standard elastomer tape 0.4mm thick. 

25 Measurements taken included fluid fiow data and time for constant volume of fluid to 
inject using new needles vs. conventional needles of same lengtii and comparable size 
and fliiidic capacity^ insertion force data of new needles vs. conventional needles of 
comparable size and fluidic capacity and pain score data of new needles vs. 
conventional needles of conQjarable size and fluidic capacity. 
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The results showed that the needle 8a penetrated the film or skin with force and/or 
pain comparable to the standard 26 gauge needle. However, the flow rate or fluid 
canying capacity of the needle Sa was comparable to the 2t gauge standard needle. 
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ClBims 



1. A needle for use in an mjector compriong (i) a tip, (ii) an elongate section adjacent 
the tip and (iii) a bairel section, there bdng an inner bore compriang a fluidic 

S pathway, which inner bore is witfiin die barred and optionally extends down the 
elongate section and to the tip, there being one or more apertures euidically 
connecting the said inner bore to the outside of the needle 

2. A needle as claimed in daha 1 in which the tip has a cutting end with one or more 
10 bevels sharpened into blades. 

3. A needle as claimed in any one of claims 1 or 2 in which the needle has a non 
cuttii^ atr^matic tip, smooth and witii a conical or curved tip with substantially 

. curved ladii at the £bremost point so that, in use it subst«iti^y parts tissue without 
15 cutting. 

4. A needle as claimed in any one of claims I to 3 in wliich the tip is a sharp or non 
sharp blade of cross sectional area smatter tl»n that of flie elongate section, the latter 
in use fecilitates and guides nucleation of fluidic path from the channd or aperture at 

20 least partidly in a fiww^d direction towards the rip and which is followed and then 
expanded when the fluid is applied from the aperture under pressure. 

5. A needle as daimed in any one of datras 1 to 4 in which the needle tip has an 
outside diameto' of 0.2 to 1.5 mm. 

25 

6. A needle as daimed in any one of the preceding d^ms in which the needle length is 
2 to 200mm. 

7. A needle as daimed in any one of tiie preceding claims in v\*ich the needle tip 
30 diameter is 1% to 100% of band diameter 
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8. A needle as claimed in any one of the preceding clmns in which tiie ratio of the tip 
diameter to the barrd diameter is botwem 1:1 and 1:10 

5 9. A needle as claimed in any one of the preceding claims in which the ratio of the 
fhiidic capacity of the barrel to the tube equivalent of the tip is between 1 : 1 to 1000: 1. 

10. A needle as claimed in any one of claims 1 to 9 in which at least part of the 
elongate section has a gradient where the effective outside dimension is made to 

10 increase gradually and/or in one or more steps from the tip until it joins the barrel 
section 

11. A needle as daimed in claim 6 in which the overall angle of one or more 
step/gradient and the angb and/or radius of the leading and trading edges of 

IS st^/gradient is chosen to ease entry with minimum force and/or pain/trauma of the 
skin/tissue bting penetrated. 

12. A needle as claimed in any one of claims 1 to 11 in wMch the elongate section has 
a fluid carrying bore or charaid connecting fluidically to an aperture at tip and the 

20 bote or channel is of o, c, u, jc, shape etc. 

13. A needle as clamed in any one of claims I to 12 in which at least part of at least 
one aperture is spaced away from the tip, 

2S 14. A needle as claimed in any one ofthe preceding claims in which the barrel has an 
outside diameter of 0.2 to 2.0 mm. 

15. A needle as claimed in any one ofthe preceding claims in which the bore and/or 
outside diameter ofthe barrel and elongate section and /or tip varies. 



30 
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16. A needle as claimed in claim 1 S in wluch the i>ore and/or outside diameter changes 
at the connection between the barrel and the fluid holding or cUspensing part. 




17. A needle as claimed in any one of claims 1 to 16 in which all or part of the barrel 
5 section is inside the connection to a fluid container and made such that the majority of 

the greater than average boie of the needle does tiot penetrate the skin, but conducts 
the fluid to the point where the bore does penetrate the skin. 

1 8. A needle as claimed in any one of claims 1 to 1 7 tn which the elongate section is 
10 hollow or solid and has a wail thickness greater or lesser than the barrel 

19. A needle as claimed in any one of claims 1 to 18 in which, in use, the elongate 
section maintains or increases the size of a path in tissue formed initially by the tip, 
and eases and directs the flow of fluid at least partly along or atound the outside of the 

15 needle at least partly in a forward direction towards the tip.. 

20. A needle as claimed in any one of claims 1 to 19 in which, in use, when fluid 
pressure is applied, the dongate section forms all or part of a channel which nucleates 
or eases and directs the passage of at least part of the fluid flow with a smaller 

20 pressure drop than if the fluid were constrained inside the bore of the tube in that same 
location. 

21. A needle as claimed in any one of cUums 1 to 20 in which the aperture 
encompasses 1 0% to 80% of the drcuntifer^ce of the bore of the bairel. 

25 

22. A needle as claimed in any one of claims 1 to 21 in wWch the aperture is in the 
form of a groove or slot. 
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23. A needle as claimed in any one of claims 1 to 22 in which the one or more 
apertures extend in length more than 5 diameters of the adjacent tube and have an 
aspect ratio of more than 5:1 length to depth. 



5 24. A needle as claimed in any one of claims 1 to 23 in which the one or more 
ai>ertures have an included angle of less than 12^ and the ^rture(5) are positioned 
and angled to induce fluid to flow along and adjacent to the elongate section and are 
positioned and angled and radiused to reduce catching, cuttii^ or coring of skin or 
tissue in use. 

10 

25. A needle as claimed in any one of claims 1 to 24 in which at least part of at least 
one aperture is away from the tip and/or on a section of larger outer dimension than 
the tip. 

15 26. A needle as claimed in any one of claims 1 to 25 in which the overall dimension of 
at least one aperture is larger than the tip outer dimension by a factor within the range 
of 10%, 100%^ 500% and 1000%. 

27. A needle qs claimed in any one of claims 1 to 25 in which the one or more 
20 ap^ture(s) are longitudinal or radial, roimd or elongate or a slot or a groove, and can 

penetrate through one wall or through both walls of the tube. 

28. A needle as claimed in any one of the preceding claims in which the ap^ture is in 
the form of a slot which is deformable and expands und^ pressure in use 

25 

29. A needle as claimed in any one of the preceding d^ms in which at least part of at 
least one aperture is spaced apart from the tip and is located substantially where the 
there is a gradient or step change in the outside diameter. 
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30. A needle as claimed in claim 29 in which one or more ^^rtures is on or adjacent 
to a gradient or step change in outer dimension other than the tip. 



31. A needle as claimed in any one of the preceding claims in which at least part of 
5 gradient is positioned away from the heel of apmure at syringe end of aperture i.e. on 
opposite ^de of aperture from the lip. 

32. A needle as daimed in any one of claims 1 to 31 in which at least part of at least 
one aperture is located on the gradient where the elongate section joins the barrel. 

10 

33. A needle as claimed in any one of claims 1 to 31 in which at least part of at least 
one aperture is located on the elongate section and optionally can or cannot not adjoin 
the tip. 

15 34. A needle as claimed in any one of the preceding claims in which the aperture is 
greater than 1 -10mm long 

35. A needle as claimed in any one of clwms 1 to 34 in which the part of the barrel 
where the fluid first meets tiie constriction at the opening of the bairel has an aperture 

20 of smaller inner dtmens»on than the bore of the barret and is of inverted funnel sha^je 
wherd:>y in use the first bore encountered by the fluid is smaller than the bore of the 
barrel. 

36. A needle as claimed in any one of claims 1 to 35 in which the aperture has an 
25 aspect ratio of width to length in the range 1 :2 to 1 : 500 

37. A needle as claimed in any one of claims 1 to 36 in which the ap^ure has an 
aspect ratio of width to lengtli greater than 1:10 
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38. A needle as claimed in any one of claims I to 37 in which the aspect ratio of the 
inner bore diameter to dot length is greater than or in range of 1 :2 to 1 : SO 



39. A needle as claimed in any one of claims 1 to 38 in which the aspect ratio of the 
5 inner bore diameter to slot length is greater than 1 : 5. 

40. A needle as claimed in any one of claims 1 to 39 in which the aspect ratio of the 
outer tube diameter to slot length is greater than or in range I: 2 to I :S0 

10 41. A needle as claimed in any on© of claims 1 to 40 in which the aspect ratio of the 
outer tube diameter to slot length is greater than 1 to 4. 

42. A needle as claimed in any one of claims 1 to 41 in which the ratio of slot length to 
overall needle length is greater than or in range 1:1.5 to 1:10 

15 

43. A needle as <daimed in any one of the preceding claims in which the end of the 
ap^ture nearest the tip is open. 

44. A needle as claimed in daim 42 in which the barrel enters the skin and the elongate 
20 section is soHd and the aperture at the end of the barrel adjoins to the groove or slot 

and the groove or slot goes to the tip end of the needle 

45. A needle as claimed in any one of claims 1 to 43, in which the end of the channel 
or bore nearest the tip is closed. 

25 

46. A needle as claimed in claim 45 in which the neecBe is a solid needle and the 
aperture is a groove or slot and the groove or slot terminates at a position spaced 
apart from the tip. 



16/04/2002 10:31 FAX 01959577185 



@27 



- 24 ^ 




47. A needle as claimed in any one of the preceding claims which incorporates a 
balloon catheter which conq>rises a deformable or elastic sheath which has an aperture 
or apertures in it^ which sheath fits around or encases the needle and in use the 
aperture or apertures in Aa sheath are bdow the sidn and connect with the aperture in 

5 the needle. 

48. A needle as claimed in any one of the preceding claims in which the needle has a 
length of 2 to 200inm. 

10 49. A needle as claimed in any one of the preceding claims in which there is overaU a 
mirdmmn of cutting and displacem^ by the needle itself in relation to the fluidic 
capacity. 

50. A needle as dairaed in any one of the preceding clsiims in which there is a 
15 mbiimum total dimension (length and or area) of sharp cutting edges and/or points, 

and minimmn level of sharpness in relation to the size and fluidic capacity 

51. A needle as claimed in any one of the preceding claims in which in use the small 
aperture formed in skin and tissue by th© tip is smoothly extended along the tip and 

20 elongate section with minnnum of sharp edges or sharp changes in direction to catch 
or snag tissue 

52. A needle as claimed in any one of die preceding claims which comprises at least 
one separate conaponent made of one or more different materials and which the 

25 separate parts are joined together 

53. A needle as claimed in any one of the preceding claims which is made by process 
steps comprising forming a step in the diameter of a needle tube, closing the tip of 
needle, forming a primary angle onto tip, processing by mechanical or chemical m^ns 
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to increase die radii of tlie edges of the tip and aperture, forming step to make final tip 
dimensions 

54. A process of making a needle wWch needle is as daimed in any one of the 
preceding claims which process includes the steps of pro>ading surface texture to 
reduce fiiction and/or retain lubricant at surface. 



55. A process of making a needle which needle is as claimed in any one of the 
preceding claims which process includes increasing the edge radii of the lip and/or heel 

10 and/or edges of one or more apertures. 

56. An injection device incorporating a needle as daimed in any one of the preceding 
claims 

15 57. A needle and injection device as claimed in claim 56 in which the injection device 
comprises a syringe^ pen, autoinjector, syringe driver, tissu<^fluid extraction device. 

58. A needle as claimed in any one of the preceding claims in which the length of the 
needle is chosen for the iq>plication of the needle. 

20 

59. A needle as claimed in claim 58 in which the applications are selected ftom the use 
of the needle to add or remove substance induding intradermal, sub-cutaneous, intra- 
muscular, intra-venous, into bone, into joint, into eye> into any organ, and tor keyhole 
surgery. 

25 

60. The use of a needle as claimed in any one of the preceding claims to add or 
remove substance for medicinal or diagnostic or other purposes for human or animal 
or other applications 
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61 . A needle as claimed in any one of tbe preceding claims in which there is a concave 
curvature oa the fece of tip and/or on other parts of needle and/or with ridges, rails or 
splines to reduce foice/Kotion of needle against skin/tissue and/or coring of tissue into 
aperture. 

5 

62. A needle as daimed in claim 61 in which tbe depth of the concave section is 1- 
80% of adjacent needle outer diameter. 

63. A needle as claimed in clahn 61 in which the depth of the concave section is 1- 
10 80% of adjacent needle diameter and the concave section is r^iiused to 1-200% of 

outside diameter 

64. A needle as claimed in any one of the preceding claims in which there is a needle 
guide surrounding the needle whidi restricts the axial or lateral movement of needle 

IS and/or liquid holding dements attached to needle. 

65. Aneedleasdmniedinclaina64inwlrich the guide restricts needle transasdal or 
latere movement in use to below O-Ol-l-^, 1-10°; O.l-lmm; l-3mm. 

20 66. A needle as daimed in ddm 64 or 65 in which the guide has one or more sprung 
elements to maintain tight tolerance while allowing for variations in manufectured size 
and guide has minimum contact with moving needle-holding dement to reduce 
friction. 

2S 67. A needle as claimed in any one of the preceding daims combined with an 
autou^ector or pea 

68. A needle as daimed in daim 67 in which the autoinjector or pen has high pressure 
deBvery of fluid above 10,20. SO, 100 or 200 bar. 
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Absfiract 



An improved needle Sx use -with ii^ectors such hypodemiic needles has an aperture in 
its wd© BO that, afbEx the needle penetrates the tissue, the injected fluid is ii^ed >da 
theaprature. 
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Fig. 8c 
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Fig. 9c 



Fig. 9d Fig. 9e 
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